
in-l~lip,ht (hliht;ltioll an(l Valid:llio]l of tllc
AiI’boI’nt2 Visil)ldJi~f’1  iilt{l I Ilmg,i[q:  Sl)c([r’clill(f(.l (A VIRIS)

Robcrl 0. Grccnl  72, James Ii. (l~]t(:l  ], 1:1.1 hlli  g,olisl, (hi is (:hI)J’it  ], .lcssica l~austl

J]ct  ]Jroptl]sioll  ].aboratol),  (>i\li((l/ [Ii:j ]il<tit{l[~ (}f qmC.{I]~iOI(I~~,  I’asadcna, CA 9J 109
2U~]iv~rsilj) ~jf ( ‘;llif~)llllf, .Sa. JIl:i llarll:il;l, ( :A 93106

AIKSTRACT

Calibrated spcct;. acql] ii cd r~i [ )(ltrl > as i] IIaFCS allowI  dct(:J (nil)ation of surface and
atmospheric propcrlics  based 011 al).wl[  ]Iti[ljl  ,ll~d scattminp,  c.xsucsscd  in the spectra. AVIRJS
measures spectra as images in (1w s());I I N I)(:, I A porI ion of t lm C.lMII  () magnetic spcclrum.  To
usc these spectra for scientific Jcsc:Il  ch al Id ;,] Iplicaliol)s, [hc (al il)J ation of the spectra must bc
known at the time of nlcasurcn~cJll  ill f“ll[’,lil. I o valida(c  tlm calit)]a[ioll of AVIRIS in flight, an
in-fligh[  Ca]ibla(ion cxpcrimcnl  M’;I.$  ]).’J Iol IJt[L~ fol” an (JvcJ-fli@~l  (MI llic ~ May ]995 at lvanpah
Playa, CA. in-situ nlcasurcnlcnt~  of lILC ;itlt II MplIc Jc md  SUI”(;ICC a t a calibration t argct were
measured. ‘1’lmsc n~casurcmcmls  WL:I1. mr:i [( (:ons[I ail] a J iidi:ili\f~  tliiJ~,$fcr  code and predict the
t o t a l  upwclling  spcclral radiarlcl:  irt(i(i,.li[ aI AVll<l  S. ‘1 ‘his ])J ~:diition  was compared to the
radiance measured by AVIRIS 10] lli L~ cal i l~rati(~n tar{l,cL All af~t ccmcnt  of 96.5 70 was
dctcrmincd. “1’hc  in-flight. si$,nal.lo lit IJW: w:i!. dctc.lll)illcd  ;in(i slloivll I() have more than doubled
over the Jmwious year.

lNrJ’I<O1)l  JC’ll ON

Calibrated spectra acquille{i  1{’IiIoi(.*.1)  :Is illla~’1’s, :l]](~wl’d (lc[[:lllliJlatioll of surface and
atmospheric propcrlics,  based OIJ JH{JIL’C(IIII  f I :mrp[ioll aJld c{)  IisliturIlt scattering characteristics.
AVIRIS mcasums  images of 11 hy Lij) l{) 1 ([~ km fit 2.() Ily :?0 s]mli:ll  lcsolution  the consist of
spectra from 400 to 2500 nJ)l al ][) ]]t~) l~tcrvfils. ‘1’lm s]x’c[wl, ladiomctric  and spatial
characmristics  of AVIRIS arc r;llil)liltk{i ill IIIC l:ilm]alo]y ((~tllict~.  1990, 1996) prior to each
fligllf  season.

in order to bc usc(i  foJ scillliil ]C ]1’s ,ircl] oJld altj)lications, IIIC calibration of AVIRIS
Jnus[ bc valid at the time spcc[fd al(’ JtI{’.ii~L/1(’Il fronl 11)(! 10{ 2 ail lN~tJIc  j]latform, ‘]’hc opcrationa]
environment inside the Q-bay of 11~1> [;l(- ;’ al X) kln al[itudc  is difl’cl~’llt  from that in the AVIRIS
laboratory.

in-flip,ht calibration CXIWJ ilI)I’111 111(,:11 t(l(lolo~’i~s  W~)J’(’.  dCVCil OIXXl for AVIRIS to confirm
the accuracy of AVIRIS caliblali(~ll  ill 1 li~’,1][ ((l)lwl cl al., 198S; (i]l’(:11  Ct al., 1988, 1990, 1992,
1993, 1995). 111 these cxpcJllllclll\ Ili(’ SIII I’acc  :IIId atIIIos]IIIc I~: ;I1 a llomogcncous  g r o u n d
calibration site is dctcrmincd v~i Ilt iJl S,LU l,casllJcincn[s. ‘1’II(Lsc.  lllcasurments  arc used to
c[)nstrain  M<)]  )“J’]{AN3 (KJlci?,ys, 198’/: ] ICI  t 1989, AnclcI SOII, 1995) I adiativc  transfer code and
prcdic[ the spcc[ral radiance iJwid(lil aI A\’) l~lS. (’oJnpaIis(Mt aJId ;Ilmlysis of the prcdictcd  and
AVJRIS measured radiance. is used 1 i {:ili  ! 1 atc al){l valid;lt~:  the pcrforlnancc  of AVIRIS in
flight.

‘l’his paper dcscribcs I])C calit~ll(i[~ll  I; IP,CI, l~}(:astllcll~(:Jils,  :Il)iilysis  and results from the
inflight calib;-aiion  cxpcrimcnl  ;II lVa II IIIli 1’1 ,’a-iJ~ 19°5.

Ilalio}i  CXIN:Iit  I-I Cltl \41at~ ]Jcld a t  lvanpah  Playa,
‘as, Nevada al 35.5 50 dcgrccs north latitude and
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115.3990 dcgms west longi[udc. lvoIIj);Il )I)a).I is a (lIy lak(.. hod ajIj)I~)xiIrJatcly  3 km by 15 km
in size at 740 m elevation.

A calibration target was dcsij’,[lattd  L)IJ ,1 por[i~)ll of the pl;iya ~ul face based on visually
apparent homo~cncity. “J’hc wl~?,cL  MI:t~, 40 I:, 200” IIL (2 b)I 1() A\/ll<l S spatial resolution
clcnlcnts).  ‘]’hc. loJ~g axis of the tat~’,ct  ~~is  (I! icntc.d ill {1)(: AVIRIS fliSht-line direction and
dcmarkcd by blue tarps at each c.lld 01” [l)th [i! ;I,I.1

At the calibration [argct  iilt au(ott:.  md :’.un p) IL)loJIi L:lr.I ~$’as used to collect data fIom
sunrise through the tlmc of the A\Tl RIS Li:il;i  z .I. juisiliol~.  l’tlc SUI) pllt~tWKWX  measures data at
370, 400, 440, 520, 620, 6’70, ‘7S(), };71), ‘!!0, 1 (H{) mII \\Ia\7ClCJIyth.  These calibrated
mcasurcmcnts  were USC(1 to dc]ivc illsla!lt:lll(’ )LIS  o])tical d(ptll.s tlllou~tl  the day as shown in
~~ig,urc  1. Figure 2 ShOWS the \’J:i[(’l \ [ij)(l dc.tcnrlincd  f] c)In 940 nm sun  photometer
mcasurcmcnts  (Reagan cl al., 1987, lIJ LICIIII( (I1 al.. 1 990). SOI)JC cil JUS cloud affcctcd the
mcasurcmcnts  around  10 am local  Ii] I-I(’.
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l;jgurc  2. ‘J’hc water vapm al)u  IIdaIIL’i’ <i  i~rll-ljrl~d  flolll LIl(’
mcasurcmcnts.
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94(1  IIm s u n  pholomctcr

])uring  the Iimc of the AV11<1S d,IIiI ~ t:quisi[i~)n, (11(’ SIII f“acc ,spcctra] rcflcctancc  w a s
measured usin~, a field spcctrollictcl  [Iii[ t“~~~ .’ IS tli(:  AVIR]S s]wct J al range. A total of 160
masurcmcnls  were acquired. ‘J’hrsc  llll.>:I<Uf IIrIcnls WCJC cvct]ly  sIMrcd over the targcl and
avcrag,c{i  to dctcrminc the calihw[ioll  [:j~  :(’i  ~[),  ,(ral rt’flcc[tillc~’  ;i~ sl)o\\II  in Figure.  3.
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At 19.19 hours U”l’C A\~ll<lS  ;ICIjmr  C(l  iiata  tJ~IC.It])t!l\r:iIi]~:llI  l’lay acalibration target.
Fig~lrc4sllowsa11illlagcof  lval]]tah l’lay;]  lI\IIII 64’/.7 I)m wave.lcIIy,[lI. ‘J;l)ccl~llat]ccilllagcin
Figure 5 shows [he two dark blue dcill;ilc,ll~(lt)  (II] ltjc lcf[ cd~’,c of ihc ]ll;]ya  onc third  of the way
upthcimagc.  “J’hcuncalibralcd  AVIRIS  sjM:uI Ii: ~~tlil~[odf  ]o]~)~:ilit)l:  i[io~)”  target arc shown in
J~igurc  6.
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ANA1.YSIS

optical depths calcu]atcd  aI L}IC  [i~li(: (11 the A\’l  RIS OVCI ~mss UICJC  used to constrain the
aerosol model used in the M()] J“J ‘R AN 3 f[): 1 hc c;tlil)ralio] I c.xjw.I i ti)c. nt. ‘J’hc measured and
modeled optical depths arc S1]OWII  ill ) I:,I,IIC: ‘I. ‘J”IICSC  oJ~[ic;(l  dcj~IIIs  in conjunction with the
surface spectral rcflcctancc  and aII IIosj)’1  ICI i( v,titcI Ial)oI WCJC  LIscd [() mnst{ain M(31YI’RAN3
for the time of AVIRIS data acquisitiorl  I\I~ ~{jdalc(i  (’x()-;  IIII-I()s])IIL:J; c so]:it irradiancc spectrum
(Green, ]993;  (iao, ]995) was lIS(XI  i]) !\l(  )1’) I RAN3. ‘1’JIL: hlol )’J’I{AN3  prcdictcd upwcl]ing
radiance for the calibration ta~~,cl  is SIII J\Il I) III } I,qm  c 8,

AVIIIIS  III  f iIL!l.1  (:it’  r,lallon  E x[t(.tlmerj!  !I:,o!,LI!,
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AV11<1S signal spectra wcI~: cal )1)1 iit  ((!  I { irce.lj  C( al, 1992) wi[}I IIIC laboratory dctcrmincd
radiomc[ric  calibration cocfficicl][s ;IIIL1  s]), [ral wlliblati~)l~  ((~lllicn  1990;  Chrien  1 9 9 6 ) .
AVIRIS on-board calil)ralorco{fi)ci[ll[~  WLI!. I dctivc(l  as tlm latio  of the in-flight on-board
calit~rat(~r  sigr~al  t[~tl~c  sigt~al  atll~c[i lll('l~['l:il>  )latoly c:lli[)ii  ttio~~((il[:cll”  1993).  Thcsc  on-Board
calil]ratorc  ocfficic~lts  arc showIl ii] l’i~’,ulc  9 illid WCJC apJJliexl  [() tllc A\~ll<l  S calibration  target
data.
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l:ip,urc  9. AVIRIS on-board calitll;ilt~l  {(~f’llllicnl~, ‘1’hcw c(wfl”lcic.11[  compensate for small
chanp,csin  AVll<l  Spcrforl~~allcc  jlolll  il]t  lii})()]ilt()r)r  IL)I}IC  irl-fli:’lit  coridi lion.

1+1’; s1)1.’1’s

‘I’l~c Mol)’J’1{AN3]  >rc(lict~,’(ls] )i~u~lll  Il] ~.ll~v()lJc{lto AVlltlSs j)cctl:ilrc  spollscfunctions
and the  AVJRIS lal~[)ratorycalit)[tlt(:{l ,SjI.’(tIII III arc s1]OWI1 ill l’J{IutL’ 10, ‘I’hcavcragc  abso]utc
agmmcnt  across the spectral ]al~~’,(’ i~;l~ 9[~.5 ‘L fo] this Cxpclilllcl]t. “1’hc spcc(ral rcgionsof
llc:lr-~crola(liallccat  1400and”  l“(H~  11111 ~l}’(’J~.L\ClL)(lL:(l.  ‘1’tlisll’sul[is  itn]mvcd  ovcrthc  1 9 9 4
in-flipht calibration cxpcrimcnt  rcsull 1)1 ‘J5.3 ‘( ‘J’l Ns disa{’,lcrl~lcl~t  u’[isal[ributcd  tothc in-situ
I]lc[isL)IcI)lcJ~ts,  tl)cM[)I)3’1<AN3  ]l]()[l~’.l,  til[ A\:l  I{lS;ill(l  totl~(:c:]lil)l:ll  i(J]~standards.  Figure 11
shows the AVIRIS to MOIYJ’RAN3 liili(l 1{~1 [I]c calii~];iti(]li  {a.1~,(:[, III Illisratio  disagrccrncnt
occurs in the 40(1 nm region and nc:ll  111( ~ :i[ll~i )~phcl  ic absorptiolls”  of watt.J vapor, oxygen and
catbon dioxide. ‘J’hcsc discrcpancir.s aI (’ :1111 it)l[l(:d  I(I uImr[:iirl[ics iII t}Ic MO1>”I’RAN3  model in
AVIRIS spectra] calibration. Ncl>cl[tic.l{::,s,  tl]( i~grccjn(:nt  Iw(wcct) II](’ h!lolY1’J<AN3  prediction
a n d  t h e  AVIRIS  mcasurcmcnt  is v’i{l]~j~ 4 ‘, atld [his cxlwlilnc.]1[  initially  validates the
pcl formancc  of AVII<lS  in fligh{  i n 1995,
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liigurc 10. Comparison of the M()] J’1’l{~lh’3 II .dic[cd and A\~l RIS JIImSNICd  upwc]ling  spectral
miimcc  for the calibration Ialy,c[,
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ldgurc 11. Calibration target ratio of’ AVJ 11< IS ( M()] J-1’RAN3,

in-f]ight radiomctric prccisio]l  (sijll;tl-t  I noise I~t[io) W;I.S (lc.tc~rtlitmd  with data from this
calibration cxpcrimcnt. Noise was csltIII;  itL,l  as I}Ie sIarIdaId (lc~rialiorl  of the dark signal
measured at the cnd of each ilnaj’,c  lill~’ ‘J )lu ? \~ll<l  S sigtial  S]MII (IJO was cxtractcd from the
calibration target. ‘1’hc conversion fa(to] ~ lf Id){  IIJns 10 sip,nal }f’a$ ilscd I() cs[imatc the additional



pholon-noise for the calibration [al ~,(:[, ‘Itw ~l!lotol)])~)isc:~t)~i” d;llk-siplml  noise wcrcroot-sunl-
squared. ‘1’hc cxtractcd signal Ma,s sL:tliLl it) [IC AVII<l S 1~’fci~![tcc  ~ildi:ill~c  (Green ct al,, 198$)
and divjdcd  by Ihc noise to give 11)[:  AVl 1<1,$ [II flip,}lt  sigtlal-tt~.  ll(~isc ];i[io for 1995. This signal-
m-noise is improvccl by more tllal~ a latt(lJ ()] IWO c{n]l]]all’cl  to tha[ of 1994 as shown in Figure
12. AVJRIS signal-to-noise is f,Ic.:it~:I IIIa II 5’~:~:1 o\IcI much of Ihc slwctJal range. A calculation
of noise- cc]uivalcnt-dcl (a-radiance v,JaY [i] w) 1 II.  I forl IIcd fol a dalk [HI F,c.( and is shown in Figure
~ ~. ‘J’hc noise- caLliva]cllt-dc] la- J:i(ii:ill.’(  J~’DI(vmls 11)(’ rmk’isioJ) UIIC(II [aintv in radiance for each
AVIRIS spcct] 111;1.
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Additiolml  analysis was ]N] li~]j]-i~:.l  [() ill\ rxli~’:ltr  the lloInf~)IL:tl[>Ily  01” lvanpah  }’laya at the
AVIRIS spatial resolution. All ill]a{’,rs i, tit; ]}1 I I.luwd of II)( ~a[io of [IIL) avmagc to the standard
deviation for all 10 by 10 spatial ClCIII(IIII~  III III. AVII<l S i]~l;t~~:. ‘t “t lis ii )iil~,~  was produced from
the sum of 20 AVIRIS channc]s ill II)C IISIIJI(’  II) SUI)]JIC’SS  (IIC illl’lui~ll~c  of AVIRIS noise. The
rcsultinf?,  image is shown in 1 ‘jj’,u] L: 14 )(~t 10 l~j 1() alca a[ AVll<l S 20 by 20 m spatial
molution  the homogeneity ranp~~s fI i)lIl  IIt(II /I JO to S(K): 1. Al Itlr. c;~lil~]alion  t:irgct values of
100:1 arc found, “1’his analysis shoMs [Ii;i{ l~:l:l{ivcl)  lcw ill-situ t)~(>.:l$~ll~:ll~cr~ts  arc required 10
charactcri~,e  the surPacc of’ lvan]xlll l)l[i~il 1 I(IM CVCJ,  tlIc S(II fau: IS IIOt tlomogcncous enough to
estimate the signal-lo-noise of AVIRIS w l~i .]) I \ /,Ic:i[tsI than 1(100:” 1 in ]m~rlions  of the spectrum.

CONCI.IJSION

An in-flig,hl calibratim]  CX]),’1  il)l(lt] \\il. held at lva]]p:lll  l’l:ty:i  01) the 9th of May 1995.
Concurrent jn-sjtu and AVIRIS  II IC’iI\LII  CIJIr III\ woo :tCqII  II-Cd fo] a caliiwation  target on the
homogcnous playa surfidcc. “J’hc .Al( )] l’1’1{/\N{ ladiativ~ traf]sf~:l  c tdr was constrained by the in-
situ mcasurcmcllts  to predict ll)t’ Iola]  IIj Jw(’1 i IIg, sl)cctlal  la(liallu(’ il)(idclit  at AVIRIS,  This
prediction was compared with Ihc A\[l 1<1S ~~1(. ‘iurmi  (calib]alcd lIascd OJI llIC laboratory and on-
board Calilmltor  coefficients) SIW(’[1 L]IiI j)~~11 III ca]ibl atioll  (i{l/?,(’.l, A ~{)l]l]mlison showed 96,5 %
agrccmcnt  with the rcmainil)g, 3.5 CL :l[llit)li[~.d  It) t]lc’ jt]-si[~]  ]]1(’:ii~[ll(:]]l~~~ts,  MOIJ’I’RAN3,
AVIRIS and the calibration stalldalds.  ‘J 11( ill ! Iigl]l ])1(’cisiu~l  01 AVIRIS was asscssccl.  Across
the. spectral range the AVIRIS ])1(’uisi{}ll  v as lio]c [Ilali doutllr IIIat of aIIy previous year, “1’his
cxpcrimcnl validates lhc caliblatio]l  oj J’IL\’ll<l ~ in lllyllt ill 1 ‘W. ‘1’t~{:  ICJJCI  of calibration and



prccisiol]  achicvcd  supports usc of A\~ I I;] !< 1( 1 scic~)tific  11..s(iil(ll  aII(l aj’qdications  based on the
absorption and Scatlcring cham[m iili(s {)( Ihr iln~OS~)])~IC  itIId SUI fac(’ cxJwcsscd in the spcclra.
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